
ON PROFESSOR HAMILTON'S THEORY CON-
CERNING THE CORPUS CALLOSUM.

BY C. E. BEEVOR, M.D., M.E.C.P.,

Assistant Physician to the National Hospital for the Paralysed and Epileptic,
and the Oreat Northern Central Hospital.

IN the last number but one of ' BRAIN ' (October, 1885), a
short preliminary note was given by me in reference to the
view propounded by Prof. Hamilton, that the corpus callosum
is not an interhemispheral commissure at all, but is the
decussation of the cortical fibres in their progress downwards
to become connected with the basal ganglia.

It is proposed in this paper to test the theory by the
evidence afforded by the microscopical examination of very
thin sections stained by Weigert's haematoxylin method, and
by comparing the corpus callosum in man with that of the
other mammalia, and especially with regard to the relative
size between the anterior commissure and the corpus callosum
in the lower animals.

I will at once begin with the evidence which microscopical
examination gives us on this question.

With regard to the evidence of microscopical examination,
it should be stated that my sections have been made chiefly
from the monkey ; for although many sections have been
made from the brain of man, I have relied especially on those
of the former, for the reason that the brains of these animals
can be had absolutely fresh, and can be put into the hardening
fluid directly after the animal is killed. Besides the serious
difficulty of obtaining the brain of man fresh, it is too large
to trace with accuracy the fibres to any distance, when viewed
under the higher powers of the microscope. It would be
well to say at once that I have not in any way relied on the
naked-eye appearances, or the mere use of a magnifying glass,
but all the sections have been examined under various powers
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64 ON PROFESSOR HAMILTON'S THEORY

of the microscope. The brain of the marmoset has also been
examined, and has proved very easy of manipulation, owing to
its small size.

The brains taken from the monkey were treated as follows:
the animal was killed with chloroform, and at once the brain
was removed and put whole- into a mixture of methylated
alcohol and water (half and half) for 24 hours, then it was cut
into pieces of £ inch thick—frontally, horizontally or sagitally,
as the case might be—and put into bichromate of potash
solution 3 per cent., for three to four weeks, and afterwards
the hardening was completed by methylated alcohol. The
pieces were imbedded in collodion and sections cut; they
were then stained by Weigert's hsematoxylin method, and
passed through methylated alcohol, absolute alcohol, oil of
cloves, and mounted in Canada balsam.1 The marmoset's
brain was stained in toto by Weigert's hsematoxylin, and
cut in paraffin, as described in ' BRAIN,' July, 1885.

In some cases the brains were sliced and put at once into
bichromate-of-potash solution. On looking at a section cut
from a brain prepared in the above way, the individual
medullated fibres will be seen stained quite black, and their
course can thus be well made out.

If we examine a frontal section taken from about the posterior
part of the corpus callosum (Fig. 1) on a level with the
middle of the pons Varolii, it will be seen that the corpus
callosum (c c) on reaching the hemisphere on either side
spreads out like a fan, sending fibres upwards to the convolu-
tions at the vertex (o' o') and outwards to all the convolutions
down to a certain level. Now this level is found in the monkey
to be the upper part of the Island of Beil; I have examined
most carefully with the high power of F Zeiss, but I have
failed to find any transverse or oblique fibres of the corpus
callosum below this point, they seem to stop suddenly. This
fact is therefore at variance with Prof. Hamilton's view, who
considers that many of the fibres of the crossed callosal tract
end in the external capsule.

With regard to the internal capsule, I cannot find a single
fibre which passes from the corpus callosum into the internal

1 'Fortsehritte der Medicm,' 1885, No. 8.
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CONCERNING THE CORPUS CALLOSUM. 65

capsule; the lowest fibres of the corpus callosum run hori-
zontally outwards to the upper part of the Island of Beil, at
right angles to the fibres issuing from the external and
internal capsules; the corpus callosum does not pass into either
of the capsules, in the monkey or in man.

The fibres issuing from the internal capsule (o i) course
upwards, at first at right angles to the callosal fibres, but higher
up they cross them obliquely (O'I'), and can be traced the
whole way from the capsule to the grey matter of the cortvo-
lutions of the same side. The most internal fibres from the
internal capsule have a more curved course than the more
external ones; for three-fourths of their course across the
callosal fibres they are easy to trace, but after this point it
is more difficult to follow them; but by comparing different
sections and using high powers they appear to go to the lower
part of the marginal convolution; in my opinion they certainly
do not go into the corpus callosum; these fibres are the
only ones which present any difficulty in ascertaining their
destination, as all the other fibres from the internal capsule
can be easily traced to the convolutions of the same side.

From the external capsule (o E) only a few fibres come
from the part internal to the claustrum and ascend with
the fibres from the internal capsule on their way to the con-
volutions of the same side.

These fibres from the external capsule are situated ex»
ternally to the main mass coming from the internal, but they
are crossed by fibres (o P) passing from the internal capsule
to the convolutions on the upper border of the Sylvian fissure.
The fibres from the external capsule do not, in my opinion,,
come into any relation with the corpus callosum except to
cross at right angles to its lower fibres, and to run parallel
with its upper fibres on their way to the vertex • the two are
certainly not continuous.

The brain of the marmoset presents very important evidence
in favour of the commissural theory of the corpus callosum.
I have managed to stain this brain in toto by Weigert's
heematoxylin,1 and have cut the whole brain frontally into
sections, from the optic chiasma in front to the posterior part

1 ' BRAIN,' July, 1885.
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66 ON PROFESSOR HAMILTON'S THEORY

of the pons behind; every section has been looked at, and
only those have been mounted in series which present any
naked-eye difference to those preceding them ; by this means
we get a series of over two dozen sections showing all
gradations of change, between the optic chiasma and the
hinder part of the pons. On examining all these sections
with the highest powers of the microscope, I have failed to find
a single case where the fibres of the corpus callosum pass
into the internal capsule. As has been mentioned in the
preliminary note,1 the brain of the marmoset differs from that
of the other apes in the fact, that the gyrus fornicatus does not
exist as a separate convolution, lying on—or appearing to
spring up from—the upper surface of the corpus callosum, but
it is more blended with the convolutions at the margin of the
longitudinal fissure, so that in a frontal section the medullated
antero-posterior fibres of the gyrus fornicatus (cingulum) form
a projection at the lower part of the inner face of the centrum
ovale above, and to the inner side of the peripheral end of the
corpus callosum. This simplifies matters very much, and we
do not have any fibres from the internal capsule making
their way up through the corpus callosum before it begins to
spread out.

This disposition of the gyrus fornicatus in the marmoset,
and the fact, alluded to further on—that the fibres of the
internal capsule have a course which is directed almost quite
straight upwards and inwards—have, I think, a most important
bearing in understanding the relations of the corpus callosum
and the internal capsule. I believe that the large curve
which the fibres of the internal capsule in man make, with
the concavity of the bend towards the corpus callosum, has led
Prof. Hamilton to suppose that the internal capsule actually
passes into the corpus callosum. He has shown these curved
fibres in his figure in the 'Journal of Anatomy and Physiology,'
but he has not drawn them actually passing into the corpus
callosum. In the monkey these fibres from the internal
capsule are less curved; while when we come to the marmoset
we find them almost straight, and at right angles to the
horizontal axis of the corpus callosum.

1 'BRAIN,'. October. 1885.
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CONCERNING THE CORPUS CALLOSUM. 67

In the marmoset the arrangement in all these sections is
this: the corpus callosum spreads out its fibres like a fan
before reaching the centrum ovale, and sends the upper part of
this fan upwards, outwards, and then inwards to just above the
gyrus fornicatus; the middle part through the internal capsular
fibres to the cortex, while the lower part runs downwards and
outwards to the cortex, meeting and crossing the fibres coming
up from the internal capsule, and here a well-marked decussa-
tion occurs between these different sets of fibres.

The fibres from the internal capsule have nearly a straight
course upwards and inwards to reach the convolutions at the
vertex of the same side; they do not present the curve,
concave inwards, which is seen in the other apes and man, and
in no place do they pass into the corpus callosum, nor does
this latter send any fibres into the internal capsule.

Prof. Hamilton has stated that the pyramidal tract, alone of
the fibres forming the corona radiata, does not pass into the
corpus callosum to decussate to the opposite side, but that the
rest of the fibres, anterior and posterior to the pyramidal tract
do pass into the corpus callosum. Now if this were the case
we should find at the borders of the pyramidal tract a sudden
change in the disposition of the fibres coming up from the
external and internal capsules, they would form a sharp line of
demarcation on each side of the pyramidal tract which would
show where the crossed callosal tract begins. With regard
to the corpus callosum itself, at the level of the pyramidal
tracts (in frontal sections), what is its function there ? It
cannot be a decussation, as we are distinctly told that the
pyramidal tracts are alone exempt from the callosal decussation,1

and it is not a commissure between the hemispheres, it surely
ought to be absent altogether at this point, and we should
have a blank space opposite the pyramidal tracts. I must
maintain, from an examination of my marmoset sections which
were made in front of the optic commissure, as well as from
those between this point and the hinder part of the pons, that
there is absolutely no difference in the relation of the corpus
callosum to the capsular fibres; there is no change of structure
at the anterior or posterior margins of the pyramidal tracts

1 ' Liverpool-Medico-Chirurgical Journal,' Jan. 1886.
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68 ON PROFESSOR HAMILTON'S THEORY

different to what is seen in a section made through the centre
of these tracts.

To show the arrangement of the corpus callosum and the
internal capsule in the anterior part of the brain, I have cut
horizontal sections of the brains of man, the monkey and
marmoset, prepared in the way mentioned above, and stained
with Weigert's hrematoxylin. The relation of the parts is
seen in Fig. 2, which is a horizontal section through the left
genu of the corpus callosum and the anterior fibres of the
internal capsule. The under part of the genu of the corpus
callosum is here seen to be divided into two parts, an anterior
and posterior; the anterior part (o' c') begins in the extreme
tip of the frontal convolutions, and runs backwards and then
inwards to cross over to the corresponding part on the opposite
side, forming a true commissure between the two frontal
convolutions; the posterior part (c c), quite distinct and
separated off from the anterior, passes from the middle line
of the corpus callosum, and runs outwards till it meets with the
fibres coming from the internal capsule (o i). This latter has
its fibres in parallel bundles until it has passed the lenticular
and caudate nuclei (N L N O), it then reaches the medullary
white matter, and sends its fibres anteriorly, externally, and
posteriorly. The anterior fibres (o' i') go to the tip of the
frontal convolutions and form a very sharply denned bundle,
which can be traced the whole way into the frontal convo-
lutions of the same side; the whole of these anterior fibres
can be seen passing through the fibres from the posterior part
of the germ of the corpus callosum (o o), with which they
make a sharp angle and a well-marked decussation (D) ;
while the posterior fibres of the corpus callosum make their
way to the cortex in front of the fissure of Sylvius.

It is quite evident that the anterior fibres go straight from
the internal capsule to the tip of the frontal convolutions, and
in no case can T find the fibres of the corpus callosum, passing
into the internal capsule; the two parts of the corpus
callosum are quite distinct, and no decussation in the middle
line takes place between them.

The decussation of the corpus callosum with the internal
capsule, which is so evident at the angle where these fibres of
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CQNCEBNING THE CORPUS CALLOSUM. 69

the internal capsule and corpus callosum first meet, can also be
seen by a high power to take place in the mass of white
medullary substance in front of, and opposite to the point of
entrance of the internal capsule.

From comparative anatomy there are several important facts
which throw much light on the structure of the corpus callosum,
and this is especially the case when comparison between the
relative size of the corpus callosum and the anterior commis-
sure is made in different animals.

In man the diminutive size of the anterior commissure as
compared with the corpus callosum is well known ; but already
in the monkey it can be seen in a frontal section that the
vertical cross area of the anterior commissure is almost as large
as that of the corpus callosum, although of course the longi-
tudinal area of the latter is many times in excess of the former.
This relation between the two commissures was pointed out by
Prof. Flower in a most interesting and valuable paper,1 where
he calls attention to the excessive development of the anterior
commissure, and the small size of the corpus callosum in the
marsupia. Prof. Flower's paper is illustrated with drawings of
the frontal and sagittal position of brains' of various animals,
from man down to the marsupia and monotremata.

I have lately, through the kindness of Mr. Beddafd, pro-
sector at the Zoological Gardens, obtained a brain of the large
kangaroo (Macropus major); this has been hardened and "
stained by the above methods, and frontal sections have been \
cut through the corpus callosum and the anterior commissure,
so as to show both at once. In this animal, as described by
Prof. Flower, the corpus callosum is very small indeed, j'
especially when seen frontally, and is a mere thread—so
small that Prof. Owen hardiy considered it to be a corpus ]
callosum ; but on this point I venture to think that there can
be no doubt that Prof. Flower's opinion is correct. When this
brain is stained by Weigert's method, the corpus callosum is seen
to pass from one gyrus fornicatus to the other, and to act as a
commissure between these convolutions only. On the other ;|
hand, the anterior commissure is enormously developed, and
occupies one-fourth of the whole vertical height of the brain; :\

1 ' Philosoph. Transact.,' 1865, PL xxxvii. and xxxviii. 1

VOL. TX. y
if
4

 by guest on June 7, 2016
http://brain.oxfordjournals.org/

D
ow

nloaded from
 

http://brain.oxfordjournals.org/


70 ON PROFESSOR HAMILTON'S THEORY

its fibres form a thiok band in the middle line, and on each
side it divides into two bands which run into the hemispheres
on either side, and acts as a commissure between the upper
convolutions, as well as between the lower of either side. The
bands of fibres can be traced completely across from side to
side without decussating.

The difference of the size between these two commissures in •
different animals seems evidently due to the difference in the
size of the parts of the brain they have to join*; in the
kangaroo, the tetnporo-sphenoidal convolutions are enormously
developed, while the frontal region is very small, and hence the
small size of the corpus callosum as compared to the anterior
commissure. This condition in the kangaroo has a very im-
portant bearing on the structure and function of the corpus
callosum in man and the higher mammalia. In the kangaroo,
it is perfectly impossible that the thin shred of a corpus
callosum can be the path of decussion of the crossed callosal
tract, coming from the internal capsule; besides which, the
fibres of the corpus callosum can be seen to end in the gyri
fornicati. It is evident that the only path left for the crossed
callosal tract must be the anterior commissure; but this is in
front of the pyramidal tract, and the anterior fibres of the corona
radiata are here seen to be cut transversely, and to have no
connection with the anterior commissure.

This point alone seems to me to be very strongly against
Prof. Hamilton's theory of the corpus callosum.

He has asked the question, How do animals which have no
corpus callosum manage to perform combined movements of
the two sides, and he considers that the absence of this body
militates against the theory that it is a commissure between
the two hemispheres. I think this question is sufficiently
answered by the fact, that as we descend the mammalian scale,
the anterior; commissure is developed in proportion as the
corpus callosum diminishes, until in the marsupialia the former
attains the enormous size seen in the kangaroo.

In the kangaroo neither the corpus callosum nor the anterior
commissure can be considered as a crossed callosal tract, and
it cannot, I. think, ,be conceived that in the lower mammalia
the brain should be formed on a type totally-different to that
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CONCERNING THE CORPUS CALLOSUM. 71

of the higher animals; this must be contrary to all ideas of
evolution.

In the 'Liverpool Medico-Chirurgical Journal' for last
January, Prof. Hamilton has done me the honour of referring to
my preliminary note in ' BRAIN,' October, 1885. He there com-
plains that I have not followed a single one of the methods he
employs, and that the clarifying process I use is so coarse as in
itself to destroy any chance of getting a view of the continuity
of the crossed callosal tract, and that I shrink all the beauty
out of the callosal fibres by employing spirit as a hardening
reagent.

The method which I use—Weigert's hsematoxylin—has
the property of staining all the medullated fibres of the
brain, and is so delicate and perfect as to show completely
the finest "fibres of the cortex, and present such a delicate
network there, that they can only be fully appreciated by
using high powers, as the F Zeiss. And we are to suppose
that these minute fibres are to be everywhere stained in my
preparations, and yet the crossed callosal fibres of the bulky
corpus callosum—whichProf. Hamilton can see with an ordinary
magnifying glass—are in some mysterious manner shrunk away
by using methylated alcohol, after hardening in bichromate of
potash for a month, and by my coarse clarifying agent,—oil
of cloves! With regard to this latter reagent, I can positively
state that ho disappearance of fibres occurs, as I examine the
sections under a low power first in water, then in alcohol, and
finally in the oil of cloves; there is only this difference, viz.
that in the oil of cloves the details are more clearly brought out,
owing to its well-known- properties of clearing the specimen.
Further comment is, I think, unnecessary.

I have not employed Prof. Hamilton's method; as I consider
that swelling and separating the fibres by the action of potash
and gelatine must tend to disturb their normal arrangement
much more than alcohol or oil of cloves, and I should much
like to know whether by his method he is able to show the
finest plexus of fibres in the cortex, or, if they are visible,
whether they are seen as clearly as they are by Weigert's
haematoxylin method; until that is possible I "shall continue
to employ the latter method.
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72 ON PROFESSOK HAMILTON'S THEORY

Although I am charged with " shrinking all the beauty out
of the callosal fibres by employing spirit as a hardening
reaction," what do we find in the description of Prof.
Hamilton's process in ' BRAIN,' July, 1883, p. 214 ? We are
actually told there to put the pieces of brain into pure
methylated spirit, to finish the hardening after Muller's
fluid,—precisely what I have done with my preparations.
The use of Weigert's saure fuchsin has been alluded to in
some of Prof. Hamilton's papers, but as he soaks his pre-
parations for four days in water, and then in an aqueous
solution of mucilage and syrup for two weeks or more, it is
quite impossible that he has obtained the proper reaction. I
make this statement with due caution,, as, having had the
advantage of working with Prof. Weigert at the time he
made this discovery, and being, I believe, the first to put it to
practical use in my work on the cerebellar cortex at the
Physiological Laboratory at Leipzig, where I used this dye
daily for six months, I can endorse the' canon that Prof.
Weigert has laid down, viz. that on no account may the pieces
of tissue be put into water before using the saure fuchsia.

Prof. Hamilton states that I have not employed oblique
sections as he directed, and yet the only two drawings which
I have seen published—in the 'Journal of Anatomy and
Physiology '—are perpendicular transverse sections; I have
however made obliquely frontal sections of the monkey's brain,
but have failed to see "t'Be"crossed callosal tracts.

The two drawings, mentioned above, are drawn presumably
the natural size of the human brain, and although the crossed
callosal fibres axe figured, they are not drawn (in Plate xxii.)
as actually passing into the corpus callosum; they end
abruptly, and might equally well pass on to the cortex of the
same side.

Will Prof. Hamilton publish a microscopical drawing of these
fibres ? As in his papers, with the exception of that " on the
Corpus Callosum in the Embryo," little allusion is made to
the microscopical appearances, and in his last paper in the
'Liverpool Medico-Chirurgical Journal,' he states that he
"cannot at present enter into the technicalities of the
microscopic examination."
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CONCERNING THE CORPUS CALLOSUM. 73

From a careful examination of this question from the point of
view of anatomy and comparative anatomy, I can only come
to the conclusion, that the generally received idea of the
corpus callosum is quite correct.

The corpus callosum I consider to be a commissure
between the two hemispheres; and the fibres of the internal
and external capsules, in my opinion, do not pass into the
corpus callosum to decussate to the opposite cortex; no
distinct decussation can be demonstrated in the middle line
of the corpus callosum, and the corona radiata does, exist as
such, and is not a nonentity, as Prof. Hamilton would wish us
to consider.

EXPLANATION OF THE PLATE.

FIG. 1—is a. frontal section through the left centrum ovale of a monkey's bruin,
and shows the decussation between the corpus callosum, and the internal and
external capsules. The section is made at the vertical level of the middle
of t i e pons Varolii, and through the hinder part of the corpus cnllosum, just
in front of the splenium. The preparation was stained with Weigert's hreina-
toxylin ; and the drawing is in no way diagrammatic.

Magnified 10 diameters, and reduced.—c.o. left half of corpus callosum.
c'.o'. fibres of corpus callosum to convolutions at vertex.—o.i. Internal capsule.
o'.i'. fibres of internal capsule to convolutions at vertex,'decussating with

corpus callosum.
O.E. external capsule sending fibres to vertex, decussating with corpus

callosum.
O.P. fibres from external and internal capsules to supra-marginal and ascending

parietal convolutions.
L.K. lenticular nucleuB.—C.N. caudate nucleus.—o.T. optic thalamus.
L.V. lateral ventricle of left side.—p. left half of fornix.—o.p. gyrus fornicatus.

Fio. 2—is a horizontal section through a portion of the anterior left half of a
monkey's brain, and shows the decussation between the corpus callosum and
the internal capsule. Prepared like Fig. 1.

Magnified 10 diumeters, and reduced,
o.o. the left half of the genu of the corpus callosum, tho hiuder part of which

turns backwards to decussate with the internal capsule,
c'.o'. the anterior part of the genu of the corpus callosum, which joins the

anterior frontal lobes,
c.i. anterior'fibres of the internal capsule,
c'.i'. fibres of internal capsule to anterior frontal lobes, after decussating with

corpus callosum.
D. point of decussatiou of internal capsule and corpus callosum.

N.C. left caudate nucleus.—L.N. left "lenticular nucleus.
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